during milling of rice and is used for brewing or other fermented products, for production of rice meal, or for animal feeding (Casas and Stein, 2015) .
The concentration of nonstarch polysaccharides (NSP) in defatted rice bran (DFRB) is 20 to 25% and mainly consists of arabinoxylan and cellulose (Choct, 1997) . The high concentration of NSP in rice bran has negative effects on the utilization of nutrients by pigs and may restrict the inclusion rate in diets for pigs. Addition of microbial xylanase to wheat coproducts, which also have high concentrations of NSP, may improve the digestibility of energy (Nortey et al., 2007; Zijlstra et al., 2010) , but there is limited information about effects of adding microbial xylanases to rice coproducts. Therefore, the objective of this experiment was to test the hypothesis that the apparent total tract digestibility (AttD) of DM, OM, fiber, and GE by starter pigs and the concentration of DE and ME in full-fat rice bran (FFRB), DFRB, brown rice, and broken rice is improved if microbial xylanase is added to the diet.
MAtERIALS AND MEtHODS
The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Use Committee at the University of Illinois. Four rice coproducts were evaluated: FFRB, DFRB, brown rice, and broken rice (Table 1) . Brown rice and broken rice were sourced from Augason Farms, Salt Lake City, UT, and Consumers Supply Distributing Co., North Sioux City, SD, respectively. Defatted rice bran and FFRB were sourced from RiceBran Technologies, Scottsdale, AR, and Triple Crown Nutrition Inc., Wayzata, MN, respectively.
Animals and Housing
Eighty castrated male pigs that were the offspring of F-25 females mated to G-Performer males (Genetiporc USA LLC, Alexandria, MN) with an average initial BW of 13.6 ± 0.8 kg were randomly allotted to 10 diets with 8 replicate pigs per diet in a randomized complete block design with 2 blocks of 40 pigs. Pigs were individually housed in metabolism crates that were equipped with a feeder and a nipple drinker, a fully slatted floor, a screen floor, and a urine tray, which allowed for the total collection of feces and urine.
Diets and Feeding
A basal diet based on corn and soybean meal and 4 diets containing corn, soybean meal, and 1 of the 4 rice coproducts were formulated (Table 2) . Each rice coproduct was included at 50% in the diets and the ratio between corn and soybean meal remained constant in all diets. The rice coproducts and corn and soybean meal were the only sources of energy in the diets. Five additional diets that were similar to the initial 5 diets with the exception that they also contained 16,000 units of microbial xylanase (Econase XT-25; AB Vista, Marlborough, UK) were also formulated. All diets also contained 1,500 1 AEE = acid-hydrolyzed ether extract.
2 Phytate-bound P was calculated as 28.2% of phytate .
3 Nonphytate P was calculated as the difference between total P and phytate-bound P.
units of microbial phytase (Quantum Blue 5G; AB Vista), and vitamins and minerals were included in concentrations that exceeded the requirements for 11-to 25-kg pigs (NRC, 2012) . Feed was provided at a daily level of 3 times the maintenance energy requirement (197 kcal/kg BW 0.60 ; NRC, 2012) , and pigs were fed equal amounts of feed twice daily at 0800 and 1700 h. Water was available at all times throughout the experiment.
Sample Collection
Pigs were fed experimental diets for 14 d. The initial 7 d were considered an adaptation period to the diet. Fecal markers (0.5%) were included in the morning meals on d 8 (chromic oxide) and d 13 (ferric oxide) and fecal collection was initiated when chromic oxide appeared in the feces and ceased when ferric oxide appeared (Kong and Adeola, 2014) . Feces were collected twice daily and stored at −20°C as soon as collected. Urine collection started on d 8 at 1700 h and ceased on d 13 at 1700 h. Urine was collected in buckets placed under the metabolism crates that contained a preservative of 50 mL of 6 N HCL. Buckets were emptied daily, weights of the collected urine were recorded, and 20% of the collected urine was stored a −20°C. At the conclusion of the experiment, urines samples were thawed and mixed within animal and diet and subsamples were collected for energy analysis.
Chemical Analyses
Fecal samples were dried at 65°C in a forced-air oven and ground through a 1-mm screen and urine samples were lyophilized before energy analysis as described by Kim et al. (2009) . Samples of ingredients, diets, feces, and urine were analyzed for GE using an isoperibol bomb calorimeter (model 6300; Parr Instrument Company, Moline, IL). Benzoic acid was used as the standard for calibration. Samples of ingredients, diets, and feces were analyzed for DM (method 930.15; AOAC, 2007) and ash (method 942.05; AOAC, 2007) and ingredients and diets were analyzed for CP by combustion (method 990.03; AOAC, 2007) using an Elementar Rapid N-cube Protein/Nitrogen Apparatus (Elementar Americas Inc., Mt. Laurel, NJ). Ingredients were also analyzed for acidhydrolyzed ether extract (AEE) by acid hydrolysis using 3 N HCl (Sanderson, 1986) and all ingredients were analyzed for phytate (Ellis et al., 1977) and lignin (Ankom Technology method 9). Calcium and P were analyzed in all ingredients and diets (method 985.01; AOAC, 2007) . Xylanase activity (ELISA method; AB Vista) and phytase activity (Engelen et al., 2001) were also analyzed in all diets.
Calculations and Statistical Analysis
Organic matter was calculated as the difference between DM and ash. Phytate-bound P was calculated as 28.2% of phytate . Nonphytate P was calculated as the difference between total P and phytate-bound P. The DE and ME and the ATTD of GE, DM, OM, ADF, and NDF in all diets were calculated using the direct procedure (Kong and Adeola, 2014) . The contribution of DE and ME from the basal diet to the diets containing rice coproducts was subtracted from the DE and ME that were calculated for these diets and the DE and ME in each rice coproduct was then calculated by the difference (Adeola, 2001) . A similar approach was used to calculate the ATTD of GE, DM, OM, ADF, and NDF. Outliers and homogeneity of the variances among treatments was tested using the UNIVARIATE procedure. Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) as a 5 × 2 factorial for diets and a 4 × 2 factorial for ingredients. The fixed effects were the diet or ingredient, xylanase, and the interaction between diet or ingredient and xylanase. Block and replicate were considered random effects. Diet or ingredient and xylanase were the main effects. The least squares mean statement was used to calculate treatment means, and the PDIFF option was used to separate means if differences were detected. The pig was the experimental unit for all analyses. An α level of 0.05 was used to assess significance among dietary treatments, and if the P-value was >0.05 but <0.10, the difference was considered a trend.
RESULtS
The concentration of GE was 4,399, 3,841, 5,044, and 4,348 kcal/kg in broken rice, brown rice, FFRB, and DFRB, respectively (Table 1 ). The concentration of AEE was 1. 42, 3.15, 19.28 , and 1.11% in broken rice, brown rice, FFRB, and DFRB, respectively, whereas the concentration of starch was 76.8% in broken rice, 66.8% in brown rice, 29.6% in FFRB, and 28.3% in DFRB. The concentrations of NDF and ADF were 0.61 and 0.46%, respectively, in broken rice, 2.66 and 1.37%, respectively, table 3. Intake and output of energy, apparent total tract digestibility (ATTD) of energy, and concentrations of DE and ME by weanling pigs fed a basal corn-soybean meal-based diet or diets containing brown rice, broken rice, full-fat rice bran (FFRB), or defatted rice bran (DFRB) without or with microbial xylanase 1 in brown rice, 14.13 and 9.09%, respectively, in FFRB, and 19.27 and 12.0%, respectively, in DFRB. The concentration of CP, Ca, P, NDF, and ADF in all diets was in agreement with expected values. The concentration of xylanase in all diets without added xylanase was not detectable, and in diets with added xylanase, the analyzed concentration ranged between 18,700 and 23,400 units/kg (Table 2 ). All diets contained more than 1,480 units/kg of phytase.
Fecal excretion of GE was reduced (P < 0.05) in pigs fed diets containing DFRB with xylanase compared with pigs fed DFRB without xylanase (Table 3) , but for all other diets, no effect of xylanase on GE excretion was observed (interaction, P < 0.05). The DE of diets containing FFRB and DFRB increased (P < 0.05) if xylanase was added, but that was not the case for the basal diet and the diets containing brown rice or broken rice (interaction, P < 0.05). The ATTD of GE, DM, OM, and ADF and the ME of diets containing rice coproducts were not affected by addition of xylanase. However, the ATTD of NDF in pigs fed diets containing FFRB was greater (P < 0.05) when xylanase was added than if no xylanase was included in the diets, but that was not the case for the other diets (interaction, P < 0.05).
The ATTD of DM was greater (P < 0.05) in ingredients with xylanase than in ingredients without xylanase and there was a tendency (P = 0.067) for the ATTD of OM to be greater if xylanase was used (Table 4) . If xylanase was added, the ATTD of NDF in FFRB was greater (P < 0.05) than if no xylanase was used, whereas the ATTD of NDF in DFRB was not affected by the addition of xylanase. The ATTD of ADF was not affected by addition of xylanase. The concentration of DE (as-is basis) and the concentration of ME (DM basis) in DFRB were greater (P < 0.05) if xylanase was used than if no xylanase was added, and DE and ME were greater in FFRB with xylanase (as-is and DM basis) than in FFRB without xylanase, but xylanase did not affect the concentration of DE or ME in brown rice or broken rice (interaction, P < 0.05). The DE and ME of FFRB, brown rice, and broken rice were greater (P < 0.05) than the ME of DFRB regardless of the level of xylanase in the diet, and DE and ME in broken rice without xylanase were greater (P < 0.05) than in FFRB. However, if xylanase was used, no differences in ME among FFRB, brown rice, and broken rice were observed, but the DE was greater (P < 0.05) in FFRB than in broken rice.
DISCUSSION
Rice is primarily used for human consumption, but several coproducts are generated during the milling process and these coproducts may be used for animal feeding. The physical and chemical composition of rice coproducts depends on rice variety, treatment of the grain before milling, type of milling system, table 4. Concentration of DE and ME, and apparent total tract digestibility (ATTD) of energy by weanling pigs in brown rice, broken rice, full-fat rice bran (FFRB), and defatted rice bran (DFRB) without or with xylanase 1,2,3 degree of milling, and the fractionation processes used during milling (Saunders, 1985) . The concentrations of GE, AEE, ADF, starch, CP, Ca, and P in corn and soybean meal were within the range of values previously reported (NRC, 2012) . The nutrient composition of the broken rice and brown rice used in this experiment was also in agreement with previous values, except for the concentration of ADF and NDF, which were less than reported values (Robles and Ewan, 1982; Warren and Farrell, 1990; Li et al., 2002; Sauvant et al., 2004; NRC, 2012; Cervantes-Pahm et al., 2014) . The content of GE, CP, ash, starch, ADF, Ca, and P in FFRB and DFRB concurred with reported values (Robles and Ewan, 1982; Sauvant et al., 2004; Kaufmann et al., 2005; NRC, 2012) . However, values for NDF in FFRB and DFRB and the concentration of AEE in DFRB were less than previous values (Maniñgat and Juliano, 1982; Robles and Ewan, 1982; Sauvant et al., 2004; Kaufmann et al., 2005; NRC, 2012) , and the concentration of AEE in FFRB was greater than the values previously reported (Robles and Ewan, 1982; Sauvant et al., 2004; Kaufmann et al., 2005; NRC, 2012) .
The DE and ME that were determined for the basal diet were close to values that can be calculated from the DE and ME in corn and soybean meal (NRC, 2012) . In contrast, values for DE and ME in diets containing broken rice without and with xylanase were less than values previously reported (Robles and Ewan, 1982; , but the DE and ME in diets containing FFRB without xylanase were in agreement with values reported by Robles and Ewan (1982) . The observation that DE and ME in diets containing broken rice and brown rice were not affected by microbial xylanase whereas DE and ME of diets containing FFRB and DFRB increased when xylanase was added, likely as a result of the high concentration of starch and low concentration of NSP in diets containing broken rice and brown rice compared with diets containing FFRB and DFRB. Microbial xylanase mainly has activity on the xylan chain in arabinoxylan, which represents 29 to 46% of hemicellulose in FFRB and DFRB (Maniñgat and Juliano, 1982; Shibuya and Iwasaki, 1985; Annison et al., 1995; Paloheimo et al., 2010) , whereas broken rice and brown rice contain less than 2% arabinoxylan (Choct, 1997) .
The NSP in corn consist of almost 50% arabinoxylan (Jaworski et al., 2015) , but because NSP contribute only around 8% of the DM in corn, the concentration of arabinoxylan in corn DM is only around 4%. Therefore, with 57.5% corn in the basal diet, the calculated concentration of arabinoxylan in the basal diet was less than 2.5%, which is likely the reason for the lack of a measurable effect of xylanase in the basal diet.
Values for DE and ME in broken rice and brown rice without xylanase concur with reported values (Li et al., 2002; Cervantes-Pahm et al., 2014) , but DE and ME of FFRB and DFRB without xylanase were greater than previous values NRC, 2012) , which may be a result of differences in nutrient composition that are observed among sources of FFRB and DFRB.
The increase in DE and ME of FFRB and DFRB that was a result of xylanase addition is likely a result of hydrolysis of the xylan backbone in the arabinoxylan in FFRB and DFRB. This may reduce the viscosity of digesta and increase the release of starch attached to NSP and thereby increase the digestibility of energy (Kim et al., 2005; Paloheimo et al., 2010) . The increase in DE and ME of FFRB concurs with the increase in the ATTD of NDF that was observed if xylanase was added to the diet. However, the increased DE in FFRB that was a result of xylanase addition may also be a result of greater digestibility of fat in diets supplemented with xylanase as a result of increased absorptive capacity in the small intestine and a reduction in the population of bacteria that are able to hydrolyze bile salts (Mathlouthi et al., 2002; Adeola and Cowieson, 2011) . Although effects of xylanase were not evident in previous studies, nutrient digestibility depends on the composition of carbohydrates in the diet (Kim et al., 2008) . The low arabinose-to-xylose ratio reported in DFRB and FFRB indicates that the arabinose substitution of the xylose backbone in arabinoxylan may have been less than in other cereal coproducts (Shibuya and Iwasaki, 1985) . This may have increased the effects of the microbial xylanase because the oligosaccharides that are released after action of xylanase are more fermentable if the arabinose substitution is reduced (Bach Knudsen, 2014) .
The observation that diets containing broken rice, brown rice, or FFRB contained more DE than the basal diet demonstrates that any of these coproducts may be added to diets fed to pigs without compromising the energy concentration in the diet. Specifically, the high DE and ME in the diet containing FFRB indicates that FFRB is a very good source of energy when fed to weanling pigs. In contrast, the DE in diets containing DFRB is less than in a corn-soybean meal diet even if xylanase is added to the diet, which indicates that DFRB may not be an ideal feed ingredient in diets fed to weanling pigs. However, all pigs in this experiment were fed restricted and there is, therefore, a need for conducting research with pigs that are allowed ad libitum access to feed to determine if feed intake and energy intake of pigs is influenced by FFRB or DFRB in the diet.
Conclusions
Broken rice and brown rice have greater concentration of DE and ME than FFRB and DFRB, but these values were not affected by microbial xylanase. In contrast, microbial xylanase may increase the concentration of DE and ME in FFRB and DFRB, because of greater concentration of arabinoxylan in those ingredients. There are no difference in ME among FFRB, broken rice, and brown rice if microbial xylanase is used, but DFRB contains less DE and ME than the other rice coproducts.
